Parameter optimization simulation of high power yitterbium doped double-clad fiber laser by Maamur, Khairol Bariyah
  
 
PARAMETER OPTIMIZATION SIMULATION OF HIGH POWER YTTERBIUM 
DOPED DOUBLE-CLAD FIBER LASER 
 
 
 
 
 
KHAIROL BARIYAH BINTI MAAMUR 
 
 
 
 
 
A thesis submitted in fulfillment of the  
requirement for the award of the degree of 
Master of Science (Physics) 
 
 
 
 
Faculty of Science 
Universiti Teknologi Malaysia 
 
 
 
 
NOVEMBER 2012 
 
  
iii 
 
 
 
 
 
This thesis is specially dedicated to: 
 
 
My beloved parents, 
Maamur Othman, Zaharah Mohamad 
 
My dear husband, 
Mohd Shahrom  
 
My supportive sibling, 
Mohd Redwan, Nur Shahida 
 
My dedicated lecturers, 
 
and all my friends. 
 
…….thanks….. 
  
iv 
 
 
 
 
ACKNOWLEDGEMENT 
 
 
 
 
First of all, I am greatly thankful to Allah for His blessing to allow me to 
complete this works on the time. 
 
 Along with the completing of this thesis, there are many people involved that 
contributed towards my understanding and thought. In particular, I wish to express 
my sincere appreciation to my supervisor, Assoc. Prof. Dr. Yusof Bin Munajat, for 
his encouragement, guidance and criticism during the course of this research. 
Without his time and patience much of this work could not have been accomplished. 
Not forgotten, million thanks to Dr Saktioto and Profesor Dr. Rosly Bin Abd. 
Rahman, and all my friends who always gave me cooperation and assistance in doing 
this research.   
 
I also would like to express my gratitude to Ministry of Science Technology 
and Innovation (MOSTI) for supporting scholarship for two year semesters Master 
MyBrain and Ministry of Higher Education (MOHE) Malaysia for the financial 
support given under the Fundamental Research Grant Scheme (FRGS), Vot 78455. 
 
Last but not least, I wish to express my sincere appreciation to my beloved 
husband and family for their continuous support, advice and motivation for me to 
complete my research. 
  
v 
 
 
 
 
ABSTRACT 
 
 
 
 
The studies of ytterbium-doped double-clad fiber laser system that can be 
used to produce high power laser are comprehensively analyzed in this research. The 
simulation was done using Liekki commercial software application. The engine of 
this simulation application was based on rate equation which relates to the design 
parameter of the fiber laser. In order to improve the performance of Yb
3+
-doped 
double clad fiber laser, there are several critical parameters that need to be analyzed 
which are pump wavelength, fiber length, pump power, dopant concentration and 
output reflectivity, R2. The result shows pump wavelength of 976 nm presents the 
highest efficiency value of 84.58 % compared to 915 nm and 920 nm.  It is found 
that dopant concentration of N= 4 x 10
25
 m
-3 
is the best choice to produce high output 
power. It is also found that the optimum fiber length for this work is 15.4 m which 
correspond to the output power of 39 W with forward pump power of Pp = 50 W. 
The optimum fiber length does not depend on the output reflectivity, R2 when R2 is 
greater than 90 %. 
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ABSTRAK 
 
 
 
 
Kajian sistem laser gentian dua lapisan yang didopkan dengan ytterbium 
boleh digunakan untuk menghasilkan laser kuasa tinggi dan dianalisis secara 
komprehensif dalam kajian ini. Simulasi ini telah dilakukan oleh aplikasi perisian 
komersial Liekki. Enjin aplikasi simulasi ini adalah berdasarkan persamaan kadaran 
yang berkaitan untuk reka bentuk parameter laser gentian. Dalam usaha untuk 
memperbaiki prestasi laser gentian dua lapisan yang didopkan dengan ytterbium, 
terdapat beberapa parameter kritikal yang perlu dianalisis iaitu panjang gelombang 
pam, panjang gentian, kuasa pam, kepekatan pendopan dan output pantulan R2. Hasil 
keputusan menunjukkan gelombang pum dengan nilai 976 nm menghasilkan 
kecekapan yang tinggi dengan nilai 84.58 % berbanding 915 nm dan 920 nm. Ia 
menunjukkan kuasa keluaran untuk N= 4 x 10
25
 m
-3 
adalah pilihan terbaik untuk 
menghasilkan kuasa keluaran yang lebih tinggi. Ia juga menunjukkan bahawa 
panjang gentian optimum dalam kajian ini ialah 15.4 m dengan kuasa keluaran 39 W 
dengan menggunakan pam kuasa kehadapan Pp = 50 W. Panjang gentian optimum 
tidak bergantung kepada output pantulan,R2  apabila R2 melebihi 90%. 
 
 
 
 
  
